Postcatheterization pseudoaneurysm is a serious complication following diagnostic or therapeutic catheterization. Because radial access is unsuitable in some situations, there is still a need to use femoral or brachial access for arterial catheterization. The aim of this study was to compare the incidence and clinical characteristics of pseudoaneurysm between brachial and femoral access. We identified patients who underwent arterial catheterization from our cardiac catheter records. A total of 5,990 cardiac catheter records and discharge summaries were reviewed, and 23 pseudoaneurysm cases were identified. Those pseudoaneurysm cases were divided into a brachial pseudoaneurysm group (n = 9) and a femoral pseudoaneurysm group (n = 14). The incidence of pseudoaneurysm was significantly higher in brachial access than in femoral access (odds ratio: 4.16, 95% confidence interval: 1.80-9.65; P < 0.001). Successful manual compression was frequently achieved in both the brachial (77.8%) and the femoral (92.9%) pseudoaneurysm groups (P = 0.295). Surgical intervention was more frequently performed in the brachial pseudoaneurysm group (22.2%) than in the femoral pseudoaneurysm group (0%) without reaching statistical significance (P = 0.07). Moreover, neurological disorders were observed only in the brachial pseudoaneurysm group (22.2%). In conclusion, the incidence of pseudoaneurysm was significantly higher in brachial access than in femoral access, indicating the potential risk of brachial access. Successful manual compression was frequently achieved in both groups, but neurological disorders were observed only in brachial access, suggesting the greater risk of brachial pseudoaneurysms.
P ostcatheterization pseudoaneurysm is a serious complication following diagnostic or therapeutic catheterization and is closely associated with morbidity and mortality. 1, 2) This condition is more frequently observed in femoral access than in radial access, [3] [4] [5] indicating the safety of radial access. However, radial access is unsuitable in some situations, such as patients with hemodialysis, requiring an 8 Fr system for complex percutaneous coronary intervention (PCI), or radial artery occlusion. 6, 7) Therefore, there is a need to use femoral or brachial access for arterial catheterization, and it is important for interventional cardiologists to prevent pseudoaneurysms in femoral or brachial access.
The brachial artery is not the preferred access site for arterial catheterization, partly because neurological complications usually occur after brachial artery pseudoaneurysm. 8) However, the brachial artery can be a sole access site when radial or femoral access is not possible. 9) As compared to femoral artery pseudoaneurysms, the literature regarding brachial artery pseudoaneurysms is sparse, especially following arterial catheterization. 10) Moreover, no comparison of the incidence and characteristics of pseudoaneurysms between brachial and femoral access has been reported in the literature. The purpose of this study was to compare the incidence and clinical characteristics of pseudoaneurysms between brachial and femoral access.
Methods

Study patients:
We identified patients who underwent arterial catheterization from the cardiac catheter records kept by our Cardiology Department from January 2007 to December 2016. These cardiac catheter records included coronary angiography, aortography, right heart catheterization, percutaneous peripheral artery interventions, and PCIs performed by cardiologists. The records also included electrophysiological studies and catheter ablation until mid-2013. We excluded right heart catheterization in which the arterial access was not used, and we also excluded radial access cases. However, we did not exclude the cases in which both radial access and femoral/brachial access were used. After the exclusion of those cases, an POSTCATHETERIZATION PSEUDOANEURYSM experienced cardiologist (Y. Tamanaha) reviewed all the cardiac catheter records and discharge summaries during the above study period to check for the occurrence of pseudoaneurysms under the supervision of a senior cardiologist (K. Sakakura). A diagnosis of pseudoaneurysm was confirmed by color doppler ultrasonography, which identified pulsatile flow within the sac. 11) Patients who had pseudoaneurysms were divided into a brachial pseudoaneurysm group and a femoral pseudoaneurysm group. Definition: Hypertension was defined as medical treatment for hypertension and/or a history of hypertension before admission. 12) Dyslipidemia was defined as a total cholesterol level of !220 mg/dL or a low-density lipoprotein cholesterol level of !140 mg/dL or medical treatment for dyslipidemia or a history of dyslipidemia. 12, 13) Diabetes mellitus was defined as a hemoglobin A1c level of !6.5% (as NGSP value) or medical treatment for diabetes mellitus or a history of diabetes mellitus. 12) We also calculated the estimated glomerular filtration rate (eGFR) from the serum creatinine level, age, weight, and gender using the following formula: eGFR = 194 × Cr −1.094 × age −0.287 (male), eGFR = 194 × Cr −1.094 × age −0.287 × 0.739 (female). 12) Chronic kidney disease was defined as an eGFR of <60 mL/minute/1.73 m 2 . 12) Selection of the access site: In our medical center, radial access was the first choice for diagnostic coronary angiography and most of the conventional PCIs, except for patients on hemodialysis or those with radial artery occlusion. Femoral access was the second choice for most procedures and the first choice for complex PCIs, such as chronic total occlusion (a 7 Fr or 8 Fr system). Brachial access was the third choice for most procedures, but it was preferred only when patients cannot maintain a supine position following femoral access. However, the final selection of the access site was at the discretion of each operator. After the diagnostic procedures, we did not use any closure devices, because using closure devices in diagnostic procedures is not covered by the government health insurance in Japan. Thus, we performed manual compression following the diagnostic procedures. After PCIs, we rarely used closure devices such as Perclose ProGlide (Abbott Vascular, Abbott Park, IL, USA). In most cases, manual compression was performed in our catheter laboratory after using protamine, except in PCIs performed for acute coronary syndromes. We preferred using protamine just after elective transfemoral PCI, which was described elsewhere. 14) Treatment strategy for pseudoaneurysms: In our medical center, manual compression using an ultrasound assist was the first-line therapy for postcatheterization pseudoaneurysm. Manual compression was usually performed by several physicians, and occasionally an ultrasound transducer was used for compression. Most patients were pretreated with nonnarcotic analgesia as well as local anesthesia. Our typical compression time to achieve occlusion was approximately an hour and a half, although the accurate compression time was not recorded in most cases. If manual compression failed, the patient was referred to a vascular surgeon. No thrombin injection was performed during the study period, because this is contraindicated in Japan. We defined successful manual com-pression for pseudoaneurysms as the disappearance of the feeding artery on ultrasound. Statistical analysis: Data are shown as the mean ± standard deviation or percentage. Categorical variables are presented as numbers (percentage) and were compared using Pearson's χ 2 test. 15) The Kolmogorov-Smirnov test was performed to determine whether the continuous variables were normally distributed. 15) Normally distributed continuous variables were compared between the groups using the unpaired Student's t-test or the one-way analysis of variance test. 15) Otherwise, the continuous variables were compared using the Mann-Whitney U test or the Kruskal-Wallis test. 15) Multivariate logistic regression analysis was performed to investigate the association between brachial access and the occurrence of pseudoaneurysms. In this model, the occurrence of pseudoaneurysms was adopted as a dependent variable, whereas brachial access only and hemodialysis were adopted as independent variables. A Pvalue of < 0.05 was considered statistically significant. We analyzed all data using SPSS ver. 24 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
Arterial access was used in 14,855 cardiac catheter records during the study period. First, 8,865 cases in which only radial access was used were excluded. A total of 5,990 cardiac catheter records and discharge summaries were reviewed and divided into the following six categories: (1) only femoral access (n = 4,722); (2) only brachial access (n = 690); (3) femoral and brachial access (n = 60); (4) femoral and radial access (n = 452); (5) brachial and radial access (n = 60); and (6) femoral, brachial, and radial access (n = 6). Then, a total of 23 pseudoaneurysm cases were identified and divided into a brachial pseudoaneurysm group (n = 9) and a femoral pseudoaneurysm group (n = 14) ( Figure 1 ). Figure 2 shows a comparison of the incidence of pseudoaneurysms between brachial access and femoral access. The incidence of pseudoaneurysms was significantly higher in brachial access than in femoral access (odds ratio: 4.16, 95% confidence interval: 1.79-9.64; P < 0.001). Table I shows a comparison of the clinical characteristics among brachial access, femoral access, and both brachial and femoral access. The prevalence of hemodialysis was significantly greater in brachial access (40.9%) than in femoral access (11.5%). Table II shows the results of the multivariate logistic regression analysis. Brachial access only was significantly associated with the occurrence of pseudoaneurysms (odds ratio: 4.287, 95% confidence interval: 1.746-10.527; P = 0.001). Table III shows a comparison of the baseline characteristics between the two groups. Most of the baseline characteristics were not significantly different between the two groups. The prevalence of single-or dual-antiplatelet therapy was higher in the brachial pseudoaneurysm group than in the femoral pseudoaneurysm group. The prevalence of anticoagulation therapy was equally low in both groups. Table IV shows the clinical outcomes of pseudoaneurysms. Successful manual compression was frequently achieved both in the brachial pseudoaneurysm group TAMANAHA, ET AL (77.8%) and in the femoral pseudoaneurysm group (92.9%) (P = 0.295). Surgical intervention was more frequently performed in the brachial pseudoaneurysm group (22.2%) than in the femoral pseudoaneurysm group (0%) without reaching statistical significance (P = 0.07). In the brachial pseudoaneurysm group, manual compression was unsuccessful in two cases; those cases received surgical intervention for pseudoaneurysm. In the brachial pseudoaneurysm group, two cases that received surgical intervention were different from another two cases that had neurological disorders. Although we could not achieve successful manual compression in one case in the femoral pseudoaneurysm group, surgical intervention was deferred because of the subject's poor general condition. Moreover, neurological disorders were also observed only in the brachial pseudoaneurysm group (22.2%).
Discussion
We identified 23 pseudoaneurysm cases (9 brachial pseudoaneurysm cases and 14 femoral pseudoaneurysm cases) from a total of 5,990 cardiac catheter reports in our medical center. The incidence of pseudoaneurysm was significantly higher in brachial access (1.1%) than in femoral POSTCATHETERIZATION PSEUDOANEURYSM access (0.4%) (odds ratio: 4.16, 95% confidence interval: 1.79-9.64; P < 0.001), indicating the potential risk of brachial access. Most of the baseline characteristics were not different between the brachial pseudoaneurysm and the femoral pseudoaneurysm groups. Successful manual compression was frequently achieved both in the brachial pseudoaneurysm group (77.8%) and in the femoral pseudoaneurysm group (92.9%), suggesting the effectiveness of manual compression even in brachial access. Neurological disorders were observed only in the brachial pseudoaneurysm group (22.2%), suggesting the greater risk of brachial pseudoaneurysm. First, we should discuss why the incidence of pseudoaneurysm was higher in brachial access than in femoral access. In our clinical practice, puncturing a brachial artery is not difficult for interventional cardiologists, but compressing it may be difficult, partly because brachial arteries are not fixed well in the cubital fossa, which is located in a depression on the anterior surface of the elbow joint. 16) On the other hand, the manual compression of a femoral artery may be relatively easy, because femoral arteries can be sandwiched between the fingers of the physician and the caput femoris, especially when fluoroscopyguided femoral artery puncture is performed. 17) Moreover, the prevalence of hemodialysis was significantly greater in brachial access than in femoral access in the present study. Because patients on hemodialysis are highly predisposed to advanced atherosclerosis, 18) the higher prevalence of hemodialysis might affect the higher incidence of pseudoaneurysms in brachial access. Furthermore, it is difficult to estimate the impact of access site preference when the femoral approach is the second choice and the brachial approach is the third one. However, since the frequency of brachial access was less than one-fifth that of femoral access, physicians might be less familiar with the compression of brachial access as compared to femoral access.
Our results suggest the effectiveness of manual compression in brachial pseudoaneurysms as well as femoral pseudoaneurysms. The effectiveness and limitations of manual compression for femoral pseudoaneurysms have frequently been reported in the literature. Ultrasoundguided compression for femoral pseudoaneurysms has been shown to have a success rate of 74%-98%, [19] [20] [21] but this rate declines to 30% in patients on anticoagulative therapy. 21) On the other hand, there are few mentions in the literature regarding the treatment of brachial pseudoaneurysms, except in some case reports. 22) Thus, no treatment strategy for brachial pseudoaneurysms has been established yet. Although manual compression should be considered as an initial treatment for brachial pseudoaneurysms, there is a concern that the occurrence of neurological disorders may be affected by manual compression because the median nerve is immediately lateral to the brachial artery. While we experienced two cases of neurological disorders (22.2%) in the brachial pseudoaneurysm group, the association between manual compression and neurological disorders was not clear. Therefore, other treatment options, such as surgery, should be discussed with the vascular surgeon or neurologists for brachial pseudoaneurysms when a neurological disorder is suspected. Moreover, the higher prevalence of antiplatelet use might have influenced the relatively high incidence of surgical repair and severe complication in the brachial pseudoaneurysm group.
The clinical implications of the present study should be discussed. First, we should avoid brachial access as much as possible, because the incidence of pseudoaneurysms was clearly higher in brachial access compared to femoral access. Of course, we have to use brachial access in some situations, such as abdominal aortic aneurysms or severe peripheral artery diseases. However, we sometimes use brachial access for several reasons, such as obesity or patient's preference, even when femoral access is possible. If we recognize the risk of brachial access correctly, we would use brachial access only when either radial or femoral access is not possible. Second, manual compression was frequently effective for brachial pseudoaneurysms as well as femoral pseudoaneurysms without serious complications, such as the rupture of the pseudoaneurysm or obstruction of the brachial or femoral artery. Therefore, we should consider manual compression as a first-line therapy for postcatheterization pseudoaneurysm. Third, neurological disorders can occur following brachial pseudoaneurysms. If a patient with a brachial pseudoaneurysm complains from a neurological disorder, we should not stick to the completion of manual compression, but rather we should discuss the surgical option because manual compression cannot reduce the pressure of the pseudoaneurysms on the median nerve. Study limitations: First, as the present study was a single-center retrospective study, there may have been patient selection bias. In particular, since the selection of the access site was not randomly allocated to brachial and femoral access, there would be selection bias in the choice of the access site. Second, the number of pseudoaneurysm cases was small, because pseudoaneurysms are basically a rare complication. Therefore, there was a possibility of beta error in the comparisons between the brachial pseu-doaneurysm and the femoral pseudoaneurysm groups. Third, we did not perform thrombin injection to the pseudoaneurysm. Although the effectiveness of thrombin injection is widely reported, 11) fatal complications following thrombin injection have also been reported. 23) Furthermore, thrombin injection is not allowed for pseudoaneurysms as per the instructions in Japan. Therefore, we could not assess whether thrombin injection is effective for brachial pseudoaneurysms. Fourth, the incidence of femoral pseudoaneurysms in the present study (0.3%) was comparable to those in previous studies (0.6%). 24) However, we might have overlooked femoral pseudoaneurysms, because it is sometimes more difficult to detect femoral pseudoaneurysms compared to brachial pseudoaneurysms. Fifth, we compared the occurrence of pseudoaneurysms between brachial access and femoral access. However, complications at the puncture site are not only pseudoaneurysms. There are also other complications, such as retroperitoneal hematoma, which is life-threatening for the patient. Therefore, it may be important to select the puncture site considering the risk of various complications. Finally, there was a case of femoral pseudoaneurysm in which manual compression failed; this case might have been a case of surgical indication. If this case were operated on, the surgical rate would have been similar between the brachial and femoral pseudoaneurysm groups.
Conclusions
The incidence of pseudoaneurysms was significantly higher in brachial access than in femoral access, indicating the potential risk of brachial access. Successful manual compression was frequently achieved in both groups, suggesting the effectiveness of manual compression. Neurological disorders were observed only in brachial access, suggesting the greater risk of brachial pseudoaneurysms.
